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(57) Abstract 

The invention relates to 
the separation of narrowband 
and broadband services 
in a telecommunications 
network. Signals belonging 
to a narrowband service 
are transfeired in a first 
frequency range below a given 
threshold frequency and signals 
belonging to a broadband 
service are transferred in a 
second frequency range above 
said threshold frequency in 
the transmission link. The 
transmission link utilizes a 
splitter element comprising 
a low-pass filter unit and a 
high-pass filter unit, signals 
relating to narrowband service 
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being separated to their dedicated interface by the low-pass filter unit and signals relating to broadband service being separated to their 
dedicated interface by the high-pass filter unit. In order that high-quality service may be offered to subscribers by means of a splitter 
element as simple and cost-effective as possible, filtering is implemented in the low-pass filter unit by means of a bidirectional active 
filter (LPF'). 
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Field of the Invention 

5 The present invention relates generally to the implementation of a 

transmission link via which both nan^owband and broadband services are 
offered. More specifically, the invention relates to the separation of narrow- 
band POTS/ISDN services from broadband services, particularly broadband 
services implemented with ADSL (Asymmetrical Digital Subscriber Line) tech- 
10 nology. Narrowband sen/ices in this context denote services offered in the 
frequency range below the ADSL band. 

Background of the Invention 

Optical fibre is a self-evident choice as a transmission medium for a 

15 core network, since trunk connections usually require high transmission ca- 
pacity, the transmission distances used are long, and ready routes are often 
available for cables. Also for subscriber connections (line between a local 
exchange and a subscriber) the situation is rapidly changing, since various 
services implemented with multimedia, requiring a high transmission rate, will 

20 be commonplace from the point of an individual consumer as well. 

However, no significant savings in the costs for constructing a fu- 
ture network offering broadband services can be foreseen, since the costs 
mainly arise from cable installation costs. However, it is desired to construct 
optical fibre also in the subscriber networi^ as much as possible, since it is 

25 clearly seen that there will be a demand for it in the future. The costs of re- 
newing subscriber networks are very high, however, and in terms of time dec- 
ades are in fact at issue in this context. High costs are indeed the principal 
impediment to the spreading of fibre to the subscriber network. 

On account of the above reasons, the possibilities of utilizing con- 

30 ventional subscriber line (metal pair cable) for fast data transmission, i.e. for 
rates clearly above the rate of an ISDN basic access (144 kbit/s), have been 
mapped out more effectively than before. The present ADSL (Asymmetrical 
Digital Subscriber Line) and HDSL (High bit rate Digital Subscriber Line) tech- 
niques do offer new possibilities for transfer of fast data and video along the 

35 pair cable of a telephone network to subscriber terminals. 
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An ADSL transmission link is asymmetric in the sense that the 
transmission rate from network to subscriber is much higher than from sub- 
scriber to network. ADSL technology is mainly intended for various on-demand 
services. In practice, the rate of an ADSL transmission link from network to 

5 subscriber is in the order 2 - 6 Mbit/s and from subscriber to network in the 
order 32 - 640 kbit/s (mere control channel). (The data rate of an ADSL line is 
always nx32 kbit/s. where n is an integer.) 

The HDSL transmission technique relates to the transfer of a 2 
Mbit/s-level digital signal in a metal pair cable. HDSL transmission is symmet- 

10 ric, that is, the transmission rate is the same in both directions. 

Since the above solutions only afford rates in the order 1-6 Mbit/s, 
a technique enabling ATM-level rates (10-55 Mbit/s) has also been sought for 
the pair cable of a subscriber line. The international standardization body ETSl 
(European Telecommunications Standards Institute) is working out a specifica- 

15 tion on VDSL (Very high data rate Digital Subscriber Line) equipment enabling 
such rates. By VDSL technology, both symmetric and asymmetric links can be 
implemented. 

The above technologies, by which fast data is transferred through a 
pair cable, are called by the common name xDSL. Thus, even though it is not 
20 yet possible to offer broadband services to end users by utilizing optical fibre, 
by means of these techniques the present telephone operators are capable of 
offering said services through existing subscriber lines. 

Since ADSL seems at the moment to be the most promising tech- 
nique for implementing broadband services, it will be used as an example of 
25 the access technique by means of which the services are offered. 

The ADSL Forum has specified a generic network model for xDSL 
links; this is illustrated in Figure 1 . The device that connects to a subscriber 
line at the subscriber end is called ATU-R (ADSL Transmission Unit - Remote), 
and the device that connects to a subscriber line at the network end (e.g. at a 
30 local exchange) is called ATU-C (ADSL Transmission Unit - Central). These 
devices are also called ADSL modems (or ADSL transceivers), and they de- 
fine between them an ADSL link. The high-speed data on the ADSL link is 
connected to the subscriber line in such a way that the subscriber can still use 
the old narrowband POTS/ISDN services, but the subscriber additionally has a 
35 high-speed data connection available. In principle, there are two ways to multi- 
plex POTS and ADSL signals or ISDN and ADSL signals onto the same sub- 
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scriber line: time division nnultiplexing or frequency division nnultiplexing. The 
present invention ennploys frequency division nnultiplexing. in which narrow- 
band and broadband services are separated fronn one another by a splitter or 
cross-over carrying out the frequency division of ADSL signals and narrow- 
5 band signals. The splitter can be a POTS/ADSL splitter PS or an ISDN/ADSL 
splitter IS. 

The temninals TE at the end user can be of nnany different types, 
such as temiinals TE1 of a cable TV network, personal computers TE2 or 
even ISDN phones TE3 if time division multiplexing is used. A service module 

10 SMi (i=1 ...3) is provided for each terminal, carrying out the functions relating to 
terminal adaptation. Such service modules can in practice include Set Top 
Boxes, PC interfaces or LAN routers, for example. A premises distribution 
network PDN, located at the premises of the subscriber, connects the ATU-R 
to the service modules. 

15 At the network end of the ADSL link, an access node AN consti- 

tutes a concentration point for narrowband and broadband data, at which point 
the traffic arriving from different service systems through different networks is 
concentrated. The access node is located at the exchange of a telephone 
network, for example. 

20 In Figure 1 , reference A denotes the part constituted by a private 

network, B the part constituted by a public network, and C a network located at 
the premises of a subscriber (the telephones are naturally located at the sub- 
scriber). 

The generic network model relating to xDSL links was set forth 
25 above in order to describe the overall environment of the invention. Since the 
invention relates to the part constituted by the actual ADSL link, which is lo- 
cated either between the local exchange and the subscriber or between a 
street cabinet and the subscriber, only this part located between the ADSL 
modems will be described in closer detail hereinbelow. 

30 As stated previously, POTS (Plain Old Telephone Service) and 

ADSL services can be frequency multiplexed onto the same pair cable by 
means of a splitter. Figure 2 illustrates a subscriber line divided between 
POTS and ADSL services, denoted with reference SL. In practice, the splitter 
(PS1 or PS2) comprises two filter units: a low-pass filter unit LPF prevents the 

35 access of signals of the ADSL band (25itH2 /.i^ liviHz)^ the POTS interface, 
and a high-pass filter unit HPF prevents the access of signals of the POTS 



wo 99/65217 PCT/FI99/00510 



band (0 Hz... 4 kHz) to the ADSL interface. Thus, the frequency division of the 
link is of the kind shown in Figure 3: signals relating to POTS or ISDN services 
are transfenred at low frequencies, and ADSL signals are transferred at higher 
frequencies. The splitter has a line port (P) connected to the subscriber line. 
5 The low-pass filter unit is connected between the line port and the POTS in- 
terface II, and the high-pass filter unit HPF is connected between the line port 
and the ADSL interface 12. 

jeleoperators determine the viability of filters by means of a refer- 
ence impedance, which is defined so as to correspond to the actual imped- 
10 ance of the subscriber link as well as possible. Figure 4 depicts a typical refer- 
ence impedance Zref used by operators, comprising a resistance (R11) fol- 
lowed by a parallel connection of a resistance (R12) and a capacitor (C11). 
Some operators define the reference impedance as real (R11 = C11 = 0), but 
in a generic case, however, the reference impedance is complex. The filter 
15 must provide a sufficiently good impedance match to the reference impedance 
in the voice band. A perfect impedance match is achieved when the output 
impedance of the generator concurs with the load impedance. The operators 
estimate the viability of filter units by feeding to a load impedance, being equal 
to the reference impedance, a signal from a generator whose output imped- 
20 ance also equals the reference impedance. The load impedance is looked at 
through the filter. In such a case, the effective load impedance deviates from 
the reference impedance, since the filter unit can never be entirely transparent. 
There is no internafional standard relating to the impedance match, but each 
operator has his own quantitative measure in detemnining what is a sufficiently 
25 good impedance match. 

The impedance match of the splitter must be as good as possible in 
both directions, that is, too much reflection is not allowed in either direction. In 
practice, such a filter unit can be implemented as a passive LC network (i.e., 
as a circuitry comprising windings and capacitors). In the case of a high-pass 
30 filter, LC implementation seems to be the only feasible alternative. In the case 
of a low-pass filter, however, this implementation is attended by significant 
problems. 

A passive low-pass filter loads both the subscriber line and the 
POTS interface by its input impedance. This impedance should equal the 
35 impedance of the subscriber line and the POTS interface as well as possible 
before the installation of the splitter, since in that case the splitter does not 
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impair the matching of the POTS interface to the subscriber line. However, the 
impedance of a passive filter cannot be designed independently of the other 
parameters, but the transfer function striven for and the load impedance set 
the boundary conditions for the impedance to be realized. 
5 Furthermore, sufficient isolation must be provided between the 

POTS and ADSL sen/ices. It has been found in practice that an insertion loss 
of at least 40 dB is needed in the low-pass filter to ensure that the services 
appear to the subscriber as fully isolated from one another. Such attenuation 
also meets the international requirements set on the maximum signal level 

10 outside the voice band, measured at a POTS interface. In the case of most 
operators, however, it is not possible to achieve a sufficiently good impedance 
match in such a situation. The resultant mismatch diminishes the trans-hybrid 
loss at the exchange end and sidetone masking at the subscriber end, thus 
deteriorating service quality. 

15 It can be attempted to correct the impedance match for example in 

the manner disclosed in U.S. Patent 5,623,543. This patent discloses a POTS 
splitter in which a passive filter is used as a low-pass filter; additionally blocks 
implemented with active electronics, wherewith the impedance match of the 
filter in the voice band is corrected, are used. However, such a solution ren- 

20 ders the low-pass filter unit rather complex and expensive; for example a large 
number of transformers (6 in all), which are expensive components, are 
needed in such a solution. Furthermore, the solution requires a relatively high 
number of components (capacitors) resistant to a high ringing voltage (defined 
as 70 (100 V peak-to-peak) in the intemational standards). 

25 

Summary of the Invention 

It is an object of the present invention to bring about an improve- 
ment to the above drawbacks by providing a solution enabling division of the 
same subscriber line in such a way that maximum service quality can be of- 
30 fered to subscribers as simply and economically as possible. 

This object is achieved with a solution in accordance with the inven- 
tion, which is defined in the independent claims. 

The idea of the invention is to improve the impedance match by us- 
ing bidirectional active low-pass filtering in the low-pass filter unit of the splitter. 
35 Active low-pass filtering denotes a low-pass filter implemented with an opera- 
tional amplifier as well as resistances and capacitors (no coils). The bidirec- 
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tionality is implemented with two unidirectional filter blocks into which hybrid 
functions are incorporated for separating the different transmission directions 
to their dedicated filter blocks. 

Bidirectional active filtering enables a very good impedance match 
5 and sufficient isolation of the services to be achieved simultaneously on the 
transmission link. Hence, narrowband and broadband service of a very high 
quality can be offered to subscribers. 

Brief Description of the Drawings 

10 The invention and its preferred embodiments will be described in 

greater detail in the following with reference to examples in accordance with 
the accompanying drawings, in which 

Figure 1 illustrates the generic network model specified by the ADSL Forum, 
1 5 Figure 2 shows a subscriber line divided between POTS and ADSL services, 
Figure 3 shows the frequency division used on a transmission link in accor- 
dance with the invention. 
Figure 4 illustrates the reference impedance used by operators, by means of 
which the viability of a splitter is estimated, 
20 Figure 5 shows a functional block diagram of a low-pass filter of a splitter in 
accordance with the invention, 
Figure 6 is a structural block diagram of a low-pass filter of a splitter in accor- 
dance with the invention, 
Figure 7 illustrates the connection of an active filter in accordance with Fig- 
25 ures 5 and 6 to a subscriber line, and 

Figure 8 illustrates a more detailed implementation of the active filter. 

Detailed Description of the Invention 

As stated previously, the low-pass filter of a splitter in accordance 
30 with the invention is implemented as an active filter the input and output im- 
pedance and transfer function of which can be designed independently of 
each other. In the general case, however, the active filter is unidirectional and 
is not suitable to be used in the splitter as such. In accordance with the inven- 
tion, a reciprocal low-pass filter is implemented by using bidirectional active 
35 filtering in accordance with Figure 5. The bidirecfionality is implemented with 
two unidirectional filter blocks LPF1 and LPFr as well as hybrids H1 and HI', 
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separating the signals of the different transmission directions to their dedicated 
filter blocks and simultaneously preventing an echo from being generated. In 
Figure 5, the low-pass filter is depicted as a logical level functional block dia- 
gram to illustrate the principle of the invention. Depicted in this manner, the 
5 low-pass filtering and two-wire/four-wire conversion are shown as separate 
functional blocks. In the functional sense, the low-pass filter unit thus com- 
prises a hybrid and a filter block for each transmission direction. However, in 
practice the low-pass filter is implemented as shown in Figure 6, in which one 
hybrid block (HB1 or HB2) realizes both low-pass filtering and hybrid facilities. 

10 In practice, the active filter LPF' is implemented as unipolar (the ground poten- 
tial forming terminals 2 and 4 in Figure 5), since the bipolar (differential) im- 
plementation of the active portion would require a double number of opera- 
tional amplifiers. The input and output terminals of the hybrid blocks are de- 
noted with references lij and Oij, where i indicates which hybrid block (block 1 

15 or block 2) is concerned, and j is the index of the port within the block. (It is to 
be noted that the terms input and output are used in this context only to distin- 
guish the different sides from one another; the filter unit operates in the same 
way in both transmission directions.) The output terminal of the first hybrid 
block is connected to the second input terminal of the second hybrid block, 

20 and the output terminal of the second hybrid block is connected to the second 
input terminal of the first hybrid block respectively. 

It is possible to implement a bidirectional active filter providing suf- 
ficient attenuation in the stop band (ADSL band) with a total of four operational 
amplifiers, since a total of two operational amplifiers is sufficient to implement 

25 unidirectional active filtering and the associated hybrid function. Such a con- 
nection implemented with four operational amplifiers will be described more 
closely in the following. 

The active electronics used in the low-pass filter block cannot con- 
vey a ringing voltage through it (on account of the high amplitude of the ringing 

30 voltage). Therefore, in order for it to be possible to connect a filter LPF' as 
shown in Figures 5 and 6 to a subscriber line, a passage past the filter block 
must be created for the ringing voltage and direct current. Moreover, the filter 
must be isolated from the line so that there is no direct (galvanic) coupling 
between them. 

35 Figure 7 shows a topology meeting these conditions. In addition, the 

connection shown in the figure is sfill reciprocal. The opposite ends of the filter 
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have similar transformers T1 and T1'. The temninais of the secondary winding 
N3 of transformer T1 are connected to the input terminals of the filter, and the 
temninais of the secondary winding N3* of transformer T1' are connected to the 
output terminals of the filter. Even though the active filter has four terminals in 
5 the figure, it has two ports, as was stated above (the second terminals of 
windings N3 and N3' are in ground potential). Both transformers have two 
primary windings (N1 and N2 and Nl' and N2' respectively), having the same 
number of turns. The first terminal of winding N1 is connected through the 
primary winding of transformer T2 to the first wire of the subscriber line, and 
10 the second terminal through wire W2 to the second temninal of winding N1* 
(the first terminal of each winding is the topmost terminal in the figure and the 
second terminal is the lowermost terminal in the figure). The first temninal of 
winding Nl' forms the first terminal of the POTS interface. The second termi- 
nal of winding N2 is connected through the secondary winding of transformer 
15 T2 to the second wire of the subscriber line, and the first temninal through wire 
W1 to the first temninal of winding N2'. The second terminal of winding NZ 
forms the second temninal of the POTS interface. By means of the longitudinal 
transformer T2. the filter can be seen as a high impedance in the ADSL band. 
An overvoltage capacitor C is connected between wires W1 and W2. which 
20 must be capable of withstanding the amplitude of the ringing voltage. The 
figure denotes with an arrow the path of the DC signal which bypasses the 
filter. With the cooperation of (balanced) transformers T1 and Tl', a symmetry 
(a conversion from unipolar to bipolar form) is created, so that the line appears 
symmetric seen from the subscriber line or the POTS interface. 
25 Figure 8 shows in greater detail the reciprocal active filter LPF' of 

Figure 6. The connection of the figure realizes a two-port connection, offering 
maximum match to the reference impedance Zref in the voice band. This 
means that (1) the input and output impedance of both ports must be as close 
to Zref as possible, and (2) the net amplification of the two-port connection 
30 must be as close to one as possible. 

In figure 8, the same references have been used for the corres- 
ponding parts of the hybrid blocks HB1 and HB2. The low-pass filtering is per- 
formed by the operational amplifier OP1 with its ambient components. Opera- 
tional amplifiers OP2 with their ambient components constitute part of the 
35 hybrid facility, but in practice both operational amplifiers of the hybrid block 
with their ambient components influence the hybrid function (separation of 
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directions). Resistances are denoted with R and impedances with Z in the 
figure. The low-pass filter blocks (OP1 with its ambient components) are 
shown in the figure as the minimum implementation of a biquadratic active 
filter. The second input terminals 112 and 122 of the hybrid blocks, constituting 
5 the inputs of the low-pass blocks, are connected through capacitor C2 to 
ground and through resistance R2 to the inverted input of operational amplifier 
OP1 . The non-inverted input of the operational amplifier for its part is con- 
nected to ground. The inverted input is connected to the output of the opera- 
tional amplifier through capacitor C1, and additionally there is a feedback from 
10 the output to the input terminal (112, 122) of the low-pass block through resis- 
tance R1 . The output of the operational amplifier is connected through output 
impedance Z1 to the first input terminal (111, 121) of the hybrid block, this again 
being connected to the output terminal (011, 021) of the hybrid block through 
resistance R3. 

15 Each hybrid block further comprises a second operational amplifier 

OP2 whose inverted input is connected through impedance Z2 to the output of 
the operational amplifier of the corresponding low-pass filter block. The non- 
inverted input of operational amplifier OP2 is connected to ground, and its 
output is connected by means of a feedback impedance Z3 to the inverted 

20 input of the operational amplifier. Furthermore, the output is connected through 
resistance R4 to the output tenninal (01 1 , 021) of the hybrid block. 

In the circuitry of Figure 8, the impedance match and the two- 
wire/four-wire conversion are carried out substantially by means of three im- 
pedances: the output impedance Z1 of the low-pass filter block, the input im- 

25 pedance Z2 of the hybrid, and the feedback impedance Z3 of the hybrid. 

The following is a brief description of the operation of the circuitry of 
Figure 7. In an ideal situation, the inductances of the windings of the trans- 
former T2 of Figure 6 are very small, and additionally the inductances of the 
windings of transformers T1 and T1' and the capacitance of capacitor C are 

30 very high. In such a case, the current path formed by the primary sides of 
transformers T1 and T1\ wires W1 and W2 as well as capacitor C substantially 
does not show in the voice or ADSL band, but the signals of said band are 
transferred from one interface to another by means of the active filter LPF\ 
Hence, a complete impedance match is achieved by selecting values for the 

35 impedances and resistances of Figure 8 for example as follows: Z1 = Z2 = Zref 
and Z3 = Zref/2 and R3 = R4 = (R1)/2»|Zref| (where the vertical lines refer to 
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the amplitude of Zref). With such a selection, also the hybrid performs its task 
perfectly (that is, separates the transmission directions from one another). This 
can be verified by KirchofPs cun-ent and voltage equation. 

In the circuitry shown in Figure 8, the hybrid function (separation of 
5 directions) is achieved in such a way that in both hybrid blocks, a signal is 
generated at the output of operational amplifier OP2, having an equal ampli- 
tude but reverse phase compared to the signal over pin I1 1 and 121 . In such a 
case, R3/R4/R1/OP1 constitute a (low-pass filtering) analog adder to whose 
output only the signal transferred in one direction is admitted: from the POTS 
10 interface to the subscriber line the power is transferred by means of resis- 
tances R3 and R4 of hybrid block HB2 and the operational amplifier OP1 and 
resistance R1 of hybrid block HB1 , and from the subscriber line to the POTS 
interface the power is again transferred by means of resistances R3 and R4 of 
hybrid block HB1 and the operational amplifier OP1 and resistance R1 of hy- 
15 brid block HB2. In the operational sense, the circuitry of Figure 8 is thus in 
accordance with Figure 5. 

With direct cun-ent and ringing voltage on, the circuitry thus shows - 
in addition to the windings of transfonner T2 - only the windings of the primary 
sides of transfomiers T1 and Tl* and additionally the overvoltage capacitor. 
20 The equivalent circuit of these is a short circuit in the ideal case. On the other 
hand, in the ADSL and voice band the equivalent circuit is constituted by 
transfomiers and the filter between them. If there is a sufficient attenuation in 
the filter, an open circuit can be considered as a first (rough) approximation of 
the connection. 

25 In practice, transformer T2 must have an inductance deviating from 

zero, and transformers Tl and Tl' must have a finite Inductance and capacitor 
C a finite capacitance. These facts complicate the circuitry to such an extent 
that accurate estimation of the viability of the circuitry must be perfomried by a 
computer. However, it can be seen from such computation that the active 
30 filtering in accordance with the invention affords a very good impedance 
match, in practice to such an extent that it is impossible to achieve anything 
similar with a passive filter solution. Thus, the solution in accordance with the 
invention enables nan-owband and broadband service of a very high quality to 
be offered to subscribers. Since the splitter can also be implemented more 
35 cost-effectively than heretofore, operators can offer these services to sub- 
scribers at more economic prices. 
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Even though the invention has been explained in the foregoing with 
reference to examples in accordance with the accompanying drawings, it is 
obvious that the invention is not restricted thereto, but it can be modified within 
the scope of the inventive idea set forth above and in the appended claims. 
For example, the detailed implementation of the active filter block can vary. 
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Claims 

1. A method for separating narrowband and broadband sen/ices on 
a transmission linl< of a telecommunications network, the method comprising 
the steps of 

5 - transferring signals belonging to a narrowband service in a first 

frequency range below a given threshold frequency and signals belonging to a 
broadband sen/ice in a second frequency range above said threshold fre- 
quency in the transmission link, 

- utilizing a splitter element in the transmission link, the splitter ele- 
10 ment comprising a low-pass filter unit and a high-pass filter unit, signals relat- 
ing to narrowband service being separated to their dedicated interface by the 
low-pass filter unit and signals relating to broadband service being separated 
to their dedicated interface by the high-pass filter unit, 

characterized by 
15 performing filtering in the low-pass filter unit by means of a bidirec- 

tional active filter. 

2. A method as claimed in claim 1, characterized in that the 
active filtering is implemented as two unidirectional filter blocks to which a two- 
wire/four-wire conversion is combined for separating the signals of the different 

20 transmission directions to their dedicated filter blocks. 

3. A splitter element in a telecommunications system for separating 
signals transferred in different frequency ranges, said splitter element com- 
prising 

- a line port (P) connected to a transmission link, 

25 - a high-pass filter unit (HPF) connected to the interface of the line 

port and the interface for signals transferred in a higher frequency range, and 

- a low-pass filter unit (LPF) connected to the interface of the line 
port and the interface for signals transferred in a lower frequency range, 

characterized in that 
30 the low-pass filter unit comprises a bidirectional active low-pass 

filter (LPF'). 

4. A splitter element as claimed in claim 3, characterized in 
that the low-pass filter comprises two unidirectional active filter blocks and 
hybrid means (H1, H1') for separating the signals of the different transmission 

35 directions to their dedicated filter blocks. 



wo 99/65217 



13 



PCT/FI99/00510 



5. A splitter element as claimed in claim 4, characterized in 
that the filter block and the hybrid means comprise a total of four operational 
amplifiers, each filter block comprising one operational amplifier and the hybrid 
means in connection with each filter block comprising one operational ampli- 

5 fier. 

6. A splitter element as claimed in claim 4. characterized in 
that the low-pass filter is connected through first transformer means to the line 
port and through second transformer means to the interface for signals trans- 
ferred in the lower frequency range. 

0 7. A splitter element as claimed in claim 6, characterized in 

that the first transformer means comprise a first transfomner (T1) having a first 
and second primary winding (N1, N2) and a secondary winding (N3) and a 
second transformer (T2) having a first and second winding, the first terminal of 
the first primary winding (N1) being connected through said first winding to the 

5 first terminal of the line port and the second terminal of the second primary 
winding (N2) being connected through said second winding to the second 
terminal of the line port. 
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